Background: Quality of end-of-life care received by cancer patients has never been explored in an entire Asian country for all ages and cancer groups. Results: In the last month of life, cancer care tended to become increasingly aggressive as shown by (i) intensive use of chemotherapy (15.45%-17.28%), (ii) frequent emergency room visits (15.69%-20.99%) and >14-day hospital stays (41.48%-46.20%), (iii) admissions to intensive care units (10.04%-12.41%), and (iv) hospital deaths (59.11%-65.40%). Use of cardiopulmonary resuscitation (13.09%-8.41%), intubation (26.01%-21.07%), and mechanical ventilation (27.46%-27.05%) decreased, whereas use of hospice services increased considerably (7.34%-16.83%). Among those receiving hospice services, rates of referrals to hospice services in the last 3 days of life decreased from 17.88% to 17.13% but remained steady after adjusting for selected covariates.
introduction End-of-life care has become increasingly aggressive in the last decade [1, 2] , resulting in disproportionately escalating health expenditures for decedents than for survivors [1, [3] [4] [5] . However, this increased treatment intensity does not correspond to improved health outcomes and patient or family satisfaction [6, 7] , raising concerns about the appropriateness of providing aggressive care before patients die.
To systematically examine the quality of end-of-life cancer care, Earle et al. [8] developed major indicators of poor quality care currently available in administrative data. Those indicators were adopted by researchers from the United States [2, 9] , Canada [10] [11] [12] , and Portugal [13] to illustrate the quality of care received by cancer patients in the last months of life. However, such patterns of care have never been explored in an Asian country for all ages and cancer groups. The importance of evaluating such trends in Taiwan is highlighted by two facts: (i) cancer ranks fifth in Taiwan's National Health Insurance (NHI) outlays [14] and has been the leading cause of death since 1982, accounting for 28.1% of total deaths in 2006 [15] and (ii) due to universal insurance coverage by the NHI, trends in quality of cancer care in the last months of life can be analyzed in a population encompassing all age and cancer groups, facilitating comparison with international trends. Therefore, the purpose of this study was to evaluate trends in quality of care near the end of life in a population-based cohort of 242 530 cancer patients who died from 2000 to 2006 in Taiwan.
patients and methods study design and sample A retrospective cohort design was used to examine selected health care received for cancer patients near the end of life in Taiwan. Individual patient-level data were linked by a unique, scrambled personal identification number from computerized inpatient and outpatient NHI claims data, the Cancer Registration System (CRS) database, and the National Register of Deaths Database (NRDD). The completeness and accuracy of these databases were maintained by the Taiwan original article indicators of poor quality of end-of-life care
Department of Health (DOH
The indicators used in this study for poor quality of end-of-life cancer care were adapted from Earle et al. [8] on the basis of the data available from the NHI claims database and the synthesized evidence of futility of lifesustaining treatments for terminally ill cancer patients, e.g. cardiopulmonary resuscitation (CPR) [18] and intubation for mechanical ventilation [19] . Specifically, indicators included (i) receiving chemotherapy in the last month of life, (ii) more than one emergency room (ER) visit, more than one inpatient hospital admission, or >14-day hospital stay in the last month of life, (iii) use of life-sustaining treatments such as admission to an intensive care unit (ICU), CPR, intubation, and mechanical ventilation in the last month of life, (iv) no use of hospice services in the last year of life or referral to hospice services in the last 3 days of life, and (v) dying in a hospital.
chemotherapy. Use of chemotherapy was identified from both inpatient and outpatient claims, which specified the codes for all routes of chemotherapy administration but oral.
ER visits and inpatient hospital admissions. ER visits were identified from inpatient and outpatient claims. Dates of hospitalization and discharge were identified from inpatient claims. Length of stay for each hospitalization was measured from the date of the hospital admission until discharge. Admission and discharge on the same day was counted as 1 day. If a cancer patient had multiple inpatient hospital admissions in the last month of life, lengths of stay were summed up across those admissions. ICU admission was ascertained from inpatient hospital claims. Admissions to either coronary care or traditional intensive care units were considered ICU admissions.
CPR, intubation, and mechanical ventilation were identified from the inpatient claims by the codes specified for those procedures.
use of hospice services. Regardless of whether a patient was enrolled in hospice home care or inpatient hospice services, each patient was counted only once. Duration of survival after hospice enrollment was calculated as the interval between the date of first enrollment in hospice care and the date of death. Duration of survival for cancer patients who enrolled in hospice care and were discharged or died on the same day was counted as 1 day.
referral to hospice services in the last 3 days of life. Cancer patients were recognized as referred to hospice services in the last 3 days of life if their survival after hospice enrollment was £3 days.
death in a hospital. Place of death is coded by the NRDD as hospital, home, or other, and such codes were used by other researchers [20] . However, these codes were not used in our study. This choice was made due to the [21] . Dying patients in Taiwan are commonly discharged 'against medical advice' and often with artificial respiratory support to allow family members to keep the patient alive to die at home. Therefore, if the date of discharge for the last admission was also the date of death [11] , the patient was recognized as dying in the hospital.
demographic and disease-related characteristics
The patients' gender and age at the time of death were obtained from the NRDD. Diagnoses and date of diagnosis were identified from the CRS.
data analysis
The rates of using selected indicators of quality of end-of-life care were examined by the Cochran-Armitage test [22] for statistically significant changes over the study period. The effect of year of death, i.e. the odds for each indicator in that year relative to the year 2000, on outcome variables was examined by multivariate logistic regression while controlling for age, gender, common diagnoses of cancer (lung, liver, colon-rectal, gastric, pancreatic, breast, and hematological malignancies), and survival time after cancer diagnosis. The effect of year of death on outcome variables was measured by adjusted odds ratio with 95% confidence interval (CI). For sensitivity analysis, all analyses were repeated on patients surviving within 1 year of cancer diagnosis. All analyses showed the same pattern as for the whole sample, but toward more aggressive care. Therefore, results are not reported for the cohort with £1 year survival after cancer diagnosis. (Table 4) .
Averagely, 18.34% of cancer patients in their last month of life visited the ER more than once (Table 3) . Compared with 2000, the likelihood of frequent (more than one) ER visits was stable from 2001 to 2003; thereafter, it increased at a rate of 7% per year (Table 4) . During the last month of life, averagely, 14.21% of cancer patients were frequently (more than one) admitted to a hospital, and 44.42% spent >14 days in a hospital (Table 3) (Table 4) . Over the 7-year period studied, except for 2001, cancer patients in their last month of life showed a significantly increasing trend to stay >14 days in a hospital (Table 4) .
Different patterns of change were found during the study period between ICU care and other life-sustaining treatments such as CPR, intubation, and mechanical ventilation in the last month of life. Averagely, only slightly more than one-tenth (11.43%) of cancer patients received ICU care in the last month of their life, but a significant trend was seen toward more use of such care over the study period (from 10.04% in 2000 to 12.41% in 2006) (Tables 3 and 4) . However, the opposite trends were found for CPR (from (Table 4) . Over time, use of (Table 3) . The rate of use of hospice services was small for each study year, but more than doubled over time from 7.34% to 16.83% (Table 3) . After selected demographic and disease characteristics were controlled for the small proportion of patients who received hospice care, rates of referrals to hospice services in the last 3 days of life remained steady over the study period (Table 4 ). The majority of cancer patients (on an average, 63.23%) died in an acute care hospital. Indeed, cancer patients became significantly more likely over time to die in an acute care hospital (Table 4) .
discussion
In this study, we found evidence that Taiwanese cancer patients who died in 2000-2006 were increasingly more likely to receive aggressive care in the last month of life, including (i) intensive chemotherapy, (ii) more than one ER visit and >14-day hospital stays, and (iii) ICU admissions. Similar patterns of aggressive care were observed for US Medicare patients who died between 1993 and 1996 [2] , except that Earle et al. [2] reported a significantly increased trend in frequent hospitalizations coupled with an insignificant change in >14-day hospital stays. However, even though the sample in that study [2] comprised patients who died within 1 year of cancer diagnosis, the extent of aggressive care for every indicator was less than in our study. Furthermore, the extent of aggressiveness found in our study for each indicator was greater than that reported for intensive chemotherapy [2, 10, 12, 23] , frequent ER visits [2, 12] , frequent hospitalizations [2, 12] , 14-day hospital stays [2, 12] , and ICU admissions [2, 10, 12] in the last month of life (all rates were compared for the whole study cohort).
Our study results indicate that, from 2000 to 2006, use of hospice services increased and use of CPR, intubation, and mechanical ventilation decreased in the last month of life. These trends reflect actions of the Taiwan government in 2000. The hospice movement has been slowly adopted in Taiwan since 1983, primarily due to the initiative of professional societies and charities [24] . On 7 June2000, the government passed the Hospice-Palliative Care Act to allow advanced medical directives to forgo CPR and to legalize palliative care for terminally ill patients [25] . Soon after this legislation was enacted, the DOH facilitated utilization of hospice services by issuing new NHI reimbursement regulations effective from 1 July 2000 to provide inpatient hospice care to terminally ill cancer patients. Correspondingly, from 2000 to 2006, use of hospice services in Taiwan increased 2.59-fold and use of CPR, intubation, and mechanical ventilation decreased by factors of 0.56, 0.70, and 0.90, respectively.
Our results also show a pattern of increasingly aggressive care in the last month of life in conjunction with a significant increase in hospice use, as previously observed [2] . These findings are consistent with the suggestion that hospice utilization adds to the aggressive care received by cancer patients near the end of life rather than substituting for intensive management [2, 26, 27] . In support of this proposition, we found that cancer patients who received Among 34 139 patients admitted to hospice.
*P < 0.05; **P < 0.001; ***P £ 0.0001.
AOR, adjusted odds ratio; CI, confidence interval; ER, emergency room; ICU, intensive care unit; CPR, cardiopulmonary resuscitation.
original article Annals of Oncology hospice care were 1.56 times more likely to have been referred to hospice in the last 3 days of life (95% CI 1.49-1.63, P < 0.0001) if they had received at least one of the following treatments: intensive chemotherapy, frequent ER visits and hospitalizations, ICU care, CPR, intubation, or mechanical ventilation in the last month of life. Despite evidence of an increasing trend in 2000-2006 toward use of hospice services in the last year of life among Taiwanese cancer patients, hospice services are by no means widely used in Taiwan. Averagely, one in seven Taiwanese cancer patients received hospice care before they died, which is far below the proportion in other countries. In the United States, in 2002, two-thirds of Medicare cancer patients [28] had used a hospice service before they died. In England, the rate of using inpatient hospices and hospice home care in 2003 was estimated to be 18.0% and 70% [29] , respectively. The proportion of terminally ill cancer patients receiving hospice services was 66%, 67%, and 68.2% in Singapore [30] , Hong Kong [31] , and South Australia [32] , respectively. Furthermore, the rates of referrals to hospice care in the last 3 days of life (16.77%-18.73%) in our study were higher than those previously reported (13.8%-17.0% and 4.2%) [2, 12] .
The majority of cancer patients in our study (59.11%-65.40%) died in a hospital, despite the cultural significance of dying at home and the preference of most terminally ill cancer patients in Taiwan to die at home [21] . Our data for the proportion of cancer patients dying in a hospital are higher than those recently documented worldwide. Percentages of hospital deaths for cancer patients have been reported as 34.6% in Italy [33] , 37% in the United States [34] , 38.8% in Korea [35] , 40% in Canada [36] , 47% in South East England [37] , and 56.4% in South Australia [38] . Furthermore, in contrast to the decreasing trend observed by Earle et al. [2] , our study found an increasing propensity to die in a hospital. Such a high incidence of hospital deaths may be associated with the substantial demands for providing end-of-life care at home [39] and limited use of hospice services, especially for hospice home care services [less than one-third of those who used hospice services received it at home (data not shown)].
The strength of our study lies in its population-based sample, which encompassed all age and cancer groups of Taiwan. Similar issues have been explored only in elderly patients (>65 years) [2] , selected cancer groups [2, 12] , or limited geographic areas [2, 10, 12] . However, our study has several limitations. First, the preferences for end-of-life care and place of death of terminally ill cancer patients were not addressed. Secondly, the influence of available health-care resources and hospital characteristics on the aggressiveness of care provided at the end of life was not explored. Thirdly, our study used administrative data to assess quality of care, which is not always a precise approach because it depends on the quality of coding and important clinical features are frequently not collected in administrative data. People who die cannot always be considered terminally ill. The appropriateness of aggressive care or adequate proportion of patients receiving hospice services will depend on an accurately defined population of patients dying from complications of curative cancer treatment or dying of cancer, respectively [40] . The appropriateness of aggressive care identified in our study can only serve as a red flag for areas where quality of care needs to be further investigated. Furthermore, the associations between aggressive treatment and other health outcomes, such as quality of life and satisfaction with care, were not explored in our study.
Despite these limitations, results from this study are informative. By identifying areas in which hospitals seem to inadequately manage end-of-life care, these results can facilitate national policy makers' and health-care professionals' efforts to improve care for cancer patients near the end of life. The quality of care for cancer decedents identified in our study was substantially inferior to that previously reported [2, 10, 12] and to that recommended by Earle et al. [9] as benchmarks for not providing overly aggressive care near the end of life. The greater extent of aggressive cancer care observed for Taiwanese cancer decedents than for cancer patients who died in other countries [2, 10, 12, 23] may result from the characteristics of universal insurance coverage, almost unlimited comprehensive services provided, and the reimbursement rules of pay-for-service inherent in Taiwan's NHI. Alternatively, such patterns of end-of-life cancer care may be due to limited dissemination of hospice/palliative care philosophy and the reluctance of health-care professionals to disclose prognosis and discuss a transition from curative to palliative care. Indeed, terminally ill cancer patients and their family caregivers in Taiwan have frequently reported that health-care professionals inadequately communicate about prognosis and the goals of future care [41] . However, when considering the goals of future end-of-life care, comfort care was most preferred by terminally ill cancer patients in Taiwan [42] . Exploring and obtaining knowledge of specific end-of-life care preferences of a cancer patient will help health-care professionals tailor their care to meet the patient's actual, rather than his/her inferred needs and to limit the use of futile aggressive treatment at the end of life.
Despite efforts by the government, professional societies, and charities, many cancer patients in Taiwan who could potentially benefit from hospice care do not receive it in time to ameliorate the dying process. Research is warranted to investigate factors influencing hospice utilization (especially for hospice home care) and the timing of hospice referrals. Knowledge derived from such research may provide insights into developing effective interventions to overcome identified barriers to hospice utilization. National policy makers and health-care professionals should increase support for families to provide end-of-life care at home, thereby fulfilling most patients' wishes to die at home and benefiting both patients and society.
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